Objective. Cardiovascular risk factors increase risk for stroke recurrence. Secondary prevention of stroke may be affected not only by established risk factors, but also socioeconomic status. This study evaluates relationships between socioeconomic status and cardiovascular and behavioral factors.
Introduction
Stroke is the third leading cause of morbidity and mortality in both men and women after heart disease and cancer [1] ; with an estimated 1 million cases per year in Europe, 1.2 million in North America and 10 million in the rest of the world, the burden of stroke is enormous. A quarter of all stroke patients have a history of a symptomatic coronary event [2] ; these patients are prone to recurrent stroke and coronary heart disease (CHD) events. In the perindopril protection against recurrent stroke study trial, in the subset of patients with recent stroke and a history of CHD, the risk of a new CHD event was as high as the risk of a new stroke [3] . After a stroke/transient ischemic attack, patients are at high risk of short-term non-fatal stroke and of long-term fatal coronary heart disease [4] . The incidence of stroke is likely to increase despite the understanding of underlying risk factors, extensive well-tolerated drug therapy options and the availability of published practice guidelines for the prevention of stroke. Some data suggest that 'traditional risk factors' such as cigarette smoking, hypertension, unfavorable lipid profile, obesity and diabetes would explain as much as 85% of the world's experience of atherosclerosis [5] . Optimal management of risk factors, especially the modifiable ones and appropriately targeted pharmacotherapy, have been shown to play a significant role in improving the outcomes and quality-of-life as secondary prevention in patients who have a history of stroke.
There are large differences in health outcomes by socioeconomic status (SES) that cannot be explained fully by traditional arguments, such as access to care or poor health behaviors. We consider a different explanation-better selfmanagement of disease by the more educated. We examine differences with respect to education in awareness of risk factors and treatment adherence among patients with diagnosed stroke, and then assess the impact of SES on health status. We believe that patient's perception level holds the key to enhancing the compliance for secondary prevention of stroke.
Method Study process
The public health and education institute of Peking University was the general coordinator and the cross-section study was approved by the Medical Ethics Committee of Peking University (Beijing, China). Questionnaires used in the study were developed from the INTERHEART study [6] .
Participating centers and sampling methods
A total of 16 hospitals in Beijing, Tianjin and Hebei province were recruited to establish the collaborating network, and data collection was carried out between June 2008 and October 2009. Eligible patients were registered with the use of uniform questionnaires, and core data from each center were reported to the Data Center in Peking University according to a common protocol.
Patient identification and data abstraction
Cases were recruited from the community of those who were discharged from collaborating hospitals. Any stroke patients who had suffered a stroke within the past 5 years were eligible to participate in the study. All patients had medical records with diagnosis by brain computed tomography/ magnetic resonance imaging. Patients with ischemic stroke, cerebral hemorrhage, subarachnoid hemorrhage or transient ischemic attacks were included. Uniform questionnaires were filled out according to their medical record and face-to-face interview. Informed consent was obtained from the patients at enrollment. Patients who refused to participate in the study or had difficulties with going to the index hospitals, were thereby excluded from study consideration at the sites where active case ascertainment was to be carried out.
Information collection was undertaken on patient demographic characteristics, medical history, biochemical examinations, medications, lifestyle and SES. Standardized definitions for patient-related variables and clinical diagnoses were applied following the manual of INTERHEART project [6] .
Measurements
Lifestyle. Lifestyle items included in this analysis were current and past smoking habits, weight control and exercise habits. Current smokers were defined as those who smoked any tobacco in the previous 12 months. Former smokers were defined as those who had quit more than a year ago. The rate of smoking cessation was calculated as numbers of former smokers divided by numbers of former and current smokers. Individuals were considered physically active if they were regularly involved in moderate or strenuous exercise for 4 h per week.
Vascular risk factors. Non-fasting blood samples (20 ml) were drawn from every individual after admission and analyzed for total cholesterol and glucose at recruited hospitals. The analytical laboratories in the research sites had closely coordinated, standardized and calibrated their techniques with the quality control center of Peking University in Beijing.
The following definitions were used. Diabetes-fasting glucose .126 ml/dl, non-fasting glucose .200 ml/dl or self-reported use of diabetes medications; high cholesteroltotal cholesterol .240 ml/dl; hypertension-systolic blood pressure .140 mmHg or diastolic blood pressure .90 mmHg (average of two blood pressure measurements), or self-reported use of hypertension medications; obesitycategorized as normal (body mass index ,25 kg/m . Sociodemographic factors. Information on education, occupation and household income as indicators of SES was obtained during the clinic interview. Outpatients were asked about their formal education, the number of years of each type of education and whether their education had been completed. From this information, the level of education was classified into three categories: low (education 6 years), medium (6 years , education 12 years), and high (education . 12 years). The other sociodemographic factors (i.e. 'having a partner' and health insurance status) were assessed during the same interview with a questionnaire. On the basis of the question regarding partnership, subjects were categorized into two groups: those currently with a partner and those without a partner, including widowed and divorced persons. Health insurance was dichotomized into those with health insurance (including medical insurance and commercial insurance) and those without insurance (self-paid treatment). Current occupation was collected as a open-ended variable and classified into three groups: professionals/clerks, business owners/ merchant and unskilled workers/homemakers. Individuals were judged to have routine exercise if they were regularly involved in moderate (walking, cycling or gardening) or strenuous exercise ( jogging, football and vigorous swimming) for 4 h or more a week.
On the basis of patients' awareness, treatment status and control of risk factors, patients were classified into three subgroups: controlled, treated and awareness. Awareness of hypertension was defined as a self-report of any prior diagnosis of hypertension by a health-care professional. Treatment of hypertension was defined as self-reported current use of pharmacological medication to manage high blood pressure. Control of hypertension was defined as having an average systolic blood pressure of ,140 mmHg and an average diastolic blood pressure of ,90 mmHg in the context of pharmacological treatment of hypertension.
Awareness of high total cholesterol was defined as a selfreport of any prior diagnosis of hypercholesterolemia by a health-care professional. Treatment of high cholesterol was defined as self-reported current use of cholesterol-lowering medication. Controlled cholesterol was defined as total cholesterol concentration of ,240 mg/dl in the context of pharmacological treatment.
Awareness of diabetes was defined as a self-report of any prior diagnosis of diabetes by a health-care professional. Treatment of diabetes mellitus was defined as self-reported current use of insulin or antidiabetic pills and diabetes control was defined as a fasting glucose ,120 ml/dl.
Data analysis. All analyses were performed with SPSS 13.0 and focused on five modifiable risk factors (hypertension, hypercholesterolemia, diabetes mellitus, current smoking and absence of exercise). Demographic and socioeconomic characteristics (age, gender, education, income, occupation and living status) and the prevalence of stroke risk factors were calculated for patients according to laboratory tests in research centers. Next, we calculated the proportion of stroke survivors with hypertension who (i) were aware of their diagnosis of hypertension, (ii) were treated with pharmacological anti-hypertensive medication and (iii) had achieved blood pressure control. Analogous calculations were performed for those with high cholesterol or with diabetes mellitus.
Differences in the prevalence of any risk factor, in reports of awareness of individual stroke risk factor, and in control rates of risk factors among people with impaired SES were assessed using x 2 statistics. Logistic regression models were used to determine univariate and multivariate relationships between control rates of those risk factors and SES. Adjusted odd ratios with 95% confidence intervals were estimated. For multivariable analyses, all the tests used in this study were double sided and considered significant at a , 0.05.
Results
Distribution of stroke risk factors, socioeconomic characters, health behaviors and living statuses of patients appears in Table 1 with probability values for differences by sex. The sample of 2354 had a mean age of 64.9 years (standard deviation 10.4); 68.6% were male; 75.5% lived with partners; In general, rates of awareness, treatment and control rateof risk factors increased with levels of education; the control rate of hypertension, rates of awareness and treatment of hypercholesterolemia were associated with household income. With regard to hypertension, 67.0% of hypertensive patients were aware of having hypertension, 63.6% were treated and 53.9% had controlled hypertension; for patients with hypercholesterolemia, 46.7% were aware of having hypercholesterolemia, 38.6% were treated and 3.8% had controlled hypercholesterolemia; for patients with diabetes mellitus, 28.0% were aware of having diabetes mellitus, 25.7% were treated and 3.5% had controlled diabetes mellitus.
Differences by socioeconomic factors Table 3 shows the age, and sex-adjusted odds ratios for risk factors and for being aware, treated and controlled according to several sociodemographic factors. Hypercholesterolemia was slightly more frequent among the more educated patients, awareness and treatment of hypercholesterolemia were associated with household income, the control of hypertension was related to education, household income and occupation; treatment and control of diabetes mellitus were related to household income and education, respectively. Multivariate analysis showed that education was the strongest associated factor for control of hypertension and diabetes mellitus.
Effect of education on control of risk factors and health behaviors
After being adjusted for sex and age, strong and graduated relationship were noted between level of education and control of risk factors, with the odds ratios increasing at every increment, so that individuals educated for more than 12 years had an odds ratio of 2.177 (95% CI 1.554-3.048) for control of hypertension and 5.713 (95% CI 2.155-5.143) for control of diabetes mellitus (Fig. 1) . No statistical relationship can be observed between education and control of hypercholesterolemia. Figure 2 shows that the prevalence of obesity, smoking cessation and routine exercise increased with education levels (P , 0.05); people educated more than 6 years had a higher rate of smoking cessation than less educated people although the current smoking rate showed no significant difference among groups with diverse education level.
Discussion
Despite recent declines in mortality, cardiovascular diseases (including stroke) are the leading cause of death in many areas today. Although many of the major risk factors for stroke/ ischemic attack have been identified, other different modifiable factors that may influence cardiovascular diseases still remain to be explored. SES may provide a new focus. There is a considerable body of evidence for a relationship between socioeconomic factors and all causes of mortality [7] . These findings have been replicated repeatedly over 80 years across measures of socioeconomic level and in geographically diverse populations [8] , Cardiovascular disease studies have shown that lower levels of education are associated with hypertension [9] , cigarette smoking [10] and high cholesterol [9] , as well as with cardiovascular morbidity and mortality [11] . This study provides data on the prevalence, treatment, awareness and control of cardiovascular risk factors among stroke patients. Furthermore, data are given on sociodemographic differences in the prevalence, treatment, and control of risk factors. In the study of 2354 outpatients with a stroke history from 16 practices in primary care, we found low rates of control of stroke risk factors: only 3.2% of men and 4.3% of women had fasting glucose less than 126 mg/dl, 3.8% of men and 3.9% of women had normal serum cholesterol (less than 240 mg/dl) and 54.3% of men and 53.2% of women had normal blood pressure. Control rates of hypertension and diabetes mellitus increased with education level; Insignificant effect of education on the control rate of hypercholesterolemia, possibly due to insufficient public health education on cholesterol management [12] .
On the basis of our findings, education may be the most important SES measure for use in secondary prevention of stroke. Control rates of hypertension and diabetes increased gradually with the educational level. Several different mechanisms through which education may positively influence health have been proposed [13] . Some have suggested that higher education may improve health by conferring economic advantages, but in this study we cannot find any significant association between education and income or between income and risk factor control, and so we can draw the same conclusion as that of Winkleby et al. [13] that higher education, rather than income or occupation, may be the strongest and most consistent predictor of good health. A, professionals/clerks; B, business owners/merchants; C, unskilled workers/homemakers. *P , 0.05; **P , 0.01.
Effect of SES on secondary prevention of stroke † Disparities in health care
One hypothesis we find most plausible is that education may protect against disease by influencing lifestyle behaviors, problem-solving abilities and values [14, 15] . Moreover, education may facilitate the acquisition of positive social, psychological, and economic skills and assets, and may provide insulation from adverse influences [16] . Such skills and assets that may accompany higher educational attainment include positive attitudes about health, access to preventive health services [17] [18] [19] , membership in peer groups that promote the adoption or continuation of positive health behaviors, and higher self-esteem and self-efficacy [20, 21] . In our study, health behaviors are indicated by rates of smoking cessation and routine exercise, which increased with the education level, whereas the rate of obesity was inversely associated with education level. Moreover, this study also demonstrated a beneficial effect of awareness and control in people who had occupations that were professional or clerical. Our finding that household income affects the treatment and control of hypertension and hypercholesterolemia can be partially explained by the insufficiency of medical supplies currently in China; about 30% patients had no insurance for medicine.
Among stroke patients in our study, only 53.9% of hypertensive, 3.8% of those with hypercholesterolemia and 3.5% of those with diabetes have controlled their risk factors. To achieve better control of these risk factors and further reduction of the recurrence of stroke, more attention should be given to the detection and subsequent treatment and control of these established cardiovascular risk factors.
Our current findings have important public health implications, which have been noted by Goldman et al [22] . If medical science continues to bring forth effective but complicated drug regimens, this may exacerbate health outcome disparities across patients with different levels of education unless we recognize that not all patients are equally adept at adherence. Research aimed at encouraging patients with low education level to better adhere to currently available treatments might be effective in improving the health of the millions of people with chronic disease. Since education does not usually change (as occupation or income might) after young adulthood, the successful intervention to reduce the increased cardiovascular disease risk will have to ensure that the targeted audience is involved in developing and implementing the education program, and explore new and appropriate techniques and methods to deliver more effective messages. Findings in the current study must be considered within the context of the study's limitations. First, the prevalence of CVD may be underestimated because the study sample focused on stroke survivors and did not include patients who died within 1 year of the stroke attack. Secondly, as all research centers were located in urban areas of northern China, more comprehensive research needs to be achieved to reflect the general status of secondary prevention of stroke in China.
In conclusion, the prevalence rates of hypertension, hypercholesterolemia and diabetes mellitus were higher among stroke patients. A substantial proportion of hypertensive persons are aware of and are successfully treated for hypertension. However, a still considerable proportion of persons with hypercholesterolemia and diabetes mellitus do not have their targeted disease well controlled. Education exerts the most important effect on the control of these factors; successful intervention to reduce established risk factors will have to be broad based, addressing not just specific cardiovascular risk factors but also the societal conditions that lead to the adoption and maintenance of highrisk behaviors. These stroke patients require more appropriate techniques and methods for the delivery of more effective messages by medical practitioners to reduce the burden of cardiovascular diseases.
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